Introduction {#sec1}
============

Celiac disease (CD) is an immune-mediated systemic disorder elicited by gluten and related prolamines in genetically susceptible individuals and characterized by the presence of a variable combination of gluten-dependent clinical manifestations, CD-specific antibodies, HLA-DQ2 or HLA-DQ8 haplotypes, and enteropathy. Classical CD is characterized by chronic diarrhea, recurrent abdominal pain and failure to thrive. However, some patients also suffer from extraintestinal symptoms involving liver abnormalities \[[@cit0001]\].

The hepatic dysfunction in CD ranges from asymptomatic liver enzyme elevations or nonspecific hepatitis to chronic liver disease. The majority of studies determine the percentage of patients with hypertransaminasemia or the association between CD and liver diseases, but they do not estimate other pathological hepatic changes \[[@cit0002]-[@cit0004]\].

The primary aim of the study was to evaluate the prevalence and the type of liver pathology in children with newly diagnosed celiac disease. The secondary aim was to assess whether liver pathology is associated with determined demographic features or biochemical blood tests.

Material and methods {#sec2}
====================

The retrospective study included 149 children hospitalized in the university hospital with newly diagnosed CD. Celiac disease was diagnosed on the basis of ESPGHAN guidelines \[[@cit0001]\]. Patients who had pre-existing liver disease were excluded. Demographic data at the time of diagnosis were obtained. In addition, ultrasound and some biochemical tests from blood (alanine transaminase \[ALT\], gamma-glutamyl transpeptidase \[GGT\], iron \[Fe\], ferritin, vitamin D, vitamin B12, and folic acid) were analyzed.

Liver pathology was defined as elevated ALT and/or GGT serum activity and/or pathological changes of the organ in ultrasound.

The Mann-Whitney *U* test was used to compare age, immunoglobulin A anti-tissue transglutaminase type 2 anti-bodies (IgA anti-TG2), ferritin, vitamin D, vitamin B12 and folic acid concentrations. Student's *t* test was performed to compare Fe concentration. The chi-square test was used to compare sex. Spearman's rank correlation coefficient was used to measure statistical dependence between IgA anti-TG2 concentration and ALT activity. A *p* value \< 0.05 was considered statistically significant. Statistical analyses were performed using Statistica (StatSoft, Cracow, Poland).

Results {#sec3}
=======

One hundred forty-nine patients were enrolled in the study (mean age 8 years, 90 girls and 59 boys). Liver pathology was detected in 17 of 149 children (11.4%). Ten patients (6.7%) had elevated ALT serum activity, whereas no child had elevated GGT activity. Pathological changes of liver in ultrasound (mainly enlargement or steatosis of the organ) were found in 12 patients (8.1%), of whom 5 children (3.4%) had simultaneously elevated ALT serum activity.

Demographic and biochemical characteristics of the patients with and without liver pathology are listed in [Table 1](#t0001){ref-type="table"}. Children with liver pathology had lower Fe and folic acid concentrations compared to the rest of the patients. There were no statistically significant differences between liver pathology existence and age, sex, IgA anti-TG2, ferritin, vitamin B12, or vitamin D concentrations in blood. Moreover, a positive correlation between IgA anti-TG2 concentration and ALT serum activity was found (*p* \< 0.01, *R* = 0.29) ([Fig. 1](#f0001){ref-type="fig"}).

###### 

Characteristics of patients with and without liver pathology

  Parameter                       Patients with liver pathology (*n* = 17)   Patients without liver pathology (*n* = 132)   *p*
  ------------------------------- ------------------------------------------ ---------------------------------------------- ------
  Age, mean ±SD                   7.6 ±4.2                                   8.2 ±4.2                                       NS
  Sex, no. of female (%)          9 (53)                                     81 (61)                                        NS
  IgA anti-TG2 (U/ml), mean ±SD   114 ±135                                   79 ±96                                         NS
  Fe (μg/dl), mean ±SD            51 ±27                                     74 ±35                                         0.02
  Ferritin (ng/ml), mean ±SD      73 ±208                                    37 ±59                                         NS
  Folic acid (ng/ml), mean ±SD    6 ±4                                       10 ±4                                          0.01
  Vitamin B12 (pg/ml), mean ±SD   367 ±239                                   446 ±211                                       NS
  Vitamin D (ng/ml), mean ±SD     15 ±11                                     22 ±11                                         NS

NS -- non-significant
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Discussion {#sec4}
==========

Although CD primarily affects the gut, the clinical manifestations of the disease are wide, with many extraintestinal systems and organs, including the liver \[[@cit0005], [@cit0006]\]. The hepatic dysfunction presenting in CD ranges from asymptomatic liver enzyme elevations or nonspecific hepatitis (cryptogenic liver disorders), to chronic liver disease \[[@cit0002]\]. There is growing evidence that a largely silent chronic liver abnormality, "cryptogenic-elevated transaminases", is frequently associated with untreated celiac disease in both children and adult patients \[[@cit0007]\]. Liver changes in patients with CD have been reported since 1977 by Hagander *et al*. \[[@cit0008]\], who found that 40% of adults with incipient CD had increased serum activities of transaminases, which returned to normal upon a gluten-free diet (GFD) in the majority of patients \[[@cit0002]\]. One year later, Lindberg *et al*. \[[@cit0009]\] reported elevation of serum aminotransferases in about one-third of pediatric patients with CD \[[@cit0002]\].

The majority of studies assess the prevalence of hypertransaminasemia in CD or the association between CD and liver diseases, but they do not evaluate other pathological changes in patients with newly diagnosed CD (for instance in ultrasound images). The primary aim of the present study was to determine the percentage of children with CD with liver pathology at the time of diagnosis. The results showed liver abnormalities in 11.4% of patients, including 6.7% with an elevated ALT serum activity. This is lower than reported mostly in other studies (9.2% to 47.7%) \[[@cit0003], [@cit0004], [@cit0010]-[@cit0014]\]. The reason may be that in other centers transaminases were inconsistently obtained at diagnosis of CD, mainly in symptomatic patients \[[@cit0014]\], while in our center ALT is part of basic laboratory blood tests.

The pathogenesis of the hypertransaminasemia and liver damage in CD remains poorly understood. Probably they involve increased intestinal permeability and alterations in gut microbiota, chronic intestinal inflammation, and genetic predisposition \[[@cit0002]\]. Most pediatric and adult patients normalize their liver enzymes within 1 year on treatment (GFD) \[[@cit0004], [@cit0010]-[@cit0014]\]. Liver tests (especially transaminases) should be routinely checked in all patients with CD at diagnosis \[[@cit0015], [@cit0016]\]. The presence of normal physical examination and hypertransaminasemia \< 5 times the upper limit of normal (especially if the ratio of AST to ALT is \< 1) strongly suggests celiac hepatitis and no further evaluation to exclude other causes of liver injury is necessary \[[@cit0015], [@cit0016]\]. Liver enzymes should be re-checked after 6-12 months of a strict GFD \[[@cit0015], [@cit0016]\]. If the transaminases normalize on the GFD, yearly follow-up is recommended \[[@cit0004], [@cit0016]\]. The patient will require extended investigation for a concurrent liver disease including specific laboratory and imaging studies (also consider a liver biopsy) if: a) persistent hypertransaminasemia after 1 year on strict adherence to a GFD, and b) transaminases activities \> 5 times upper limit of normal, physical signs that suggest chronic liver disorder, and/or AST to ALT ratio \> 1 \[[@cit0016]\].

The secondary aim of the study was to evaluate whether liver pathology in CD is associated with determined selected demographic features and biochemical blood tests. The results revealed that pediatric patients with liver pathology had significantly lower Fe and folic acid concentrations. Increasing evidence suggests that altered methionine/folate metabolism may contribute to the development of hepatic injury \[[@cit0017]\]. It was observed that low serum folic acid concentrations and hyperhomocysteinemia were significantly associated with higher serum ALT activities \[[@cit0018]\] or liver damage -- steatohepatitis \[[@cit0019]\]. In addition, our results showed a positive correlation between IgA anti-TG2 concentration and ALT serum activity. The association between liver pathology in CD and demographic features or biochemical blood tests requires further studies.

Limitations of the study are mainly related to the retrospective character of the design. Biochemical tests from blood (Fe, ferritin, vitamin D, vitamin B12, folic acid) were not obtained from every patient. Children who did not have these laboratory parameters assayed were not taken into consideration in the statistical analysis.

In summary, liver pathology is present at the time of diagnosis in an important proportion of children with CD. It can be manifested as hypertransaminasemia and pathological changes of the organ in ultrasound. Patients with liver pathology had lower Fe and folic acid serum concentration compared to the rest of the children. Furthermore, a dependence between IgA anti-TG2 concentration and ALT serum activity was found. No additional specific demographic features or biochemical blood tests associated with liver abnormalities were identified. Therefore, screening for liver pathology in children with newly diagnosed CD and for CD in patients with unexplained hypertransaminasemia is a reasonable practice.

Conclusions {#sec5}
===========

Liver pathology is present at diagnosis in a significant proportion of children with CD in the form of hypertransaminasemia and pathological changes of the organ in ultrasound. Patients with liver pathology had lower Fe and folic acid serum concentration compared to the rest of the children. There is a correlation between IgA anti-TG2 concentration and ALT serum activity.
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